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ABSTRACT

In February and March of 1978 é major cruise was undertaken on the
R/V KNORR c£f the Peruvian coast near 15°S in order to investigate the organic
biogeochemical processes associated with upwelling areas. The purpose of this
report is to collate the large amount of hydrographic, hutrient,_and plankton
data generated from various investigators on this cruise and use the report as
a standard for the cruise participants. Data for‘teméerature, salinity, oxygen,
nitrate, nitrite, ammonium, phosphate, silicate, chlorophyll a, productivity

indices, and carbon fixation rates are given.
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I. INTRODUCTION

During February to March of 1978 a major cruise was undertaken on the
R/V KNORR off the Peruvian coast near 15°S in order to investigate the organic
biogeochemical processes associated with upwelling areas. The major goals of
this cruise were to collect appropriate sémples to 1) determine the particu-
late flux of several classes of biogenic organic compounds to the sea floor,
and 2) determine the reactions and rates of transformation for selected
classes of érganic compounds both in particulate matter and subsurface sediments.
The approach used to accomplish these objectives was to analyze samples from
(a) sediment traps deployed at different water depths, (b) all glass and stain-
less steel 22-liter seawater sample bottles, (c) box and Soutar cores, (d)
plankton tows, and (e) in situ particulate filter pumps. The suite of samples
collected from these samplers includes: twenty-one free drifting sediment trap
deployments, nine'moored sediment trap deployments, fifteen box cores, twelve
Soutar cores, twenty-nine grab samples and gravity cores, one-huﬁdred and
sixteen large volume water samples, fifteen in situ pump lowerings, and thirty-
one zooplankton tows. A tabulated list of these samples is availahle upon
request.

These samples are being analyzed for organic compound classes by several
groups (1) steroidal compounds and fatty alcohols - Dr. Robert B. Gagosian
(W.H.0.I.), (2) fatty acids and hydrocarbons - Dr. John W. Farrington (W.H.O.I.)
and (3) wax esters and triglycerides - Dr. Stuart G. Wakeham (W.H.0.I.). Selected
samples are being analyed for (1) amino acids and carbohydrates - Dr. Walter Michaelis
(University of Hamburg), (2) chlorophyll and its degradation products - Dr. Earl W.
Baker and Mr. William Louda (Florida Atlantic University), (3) other organic
nitrogen compounds - Dr. Cindy Lee (W.H.0.I.),and (4) volatile hydrncarhnn§ -

Dr. John M. Hunt (W.H.O0.I.). The compound classes outlined above are
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quite different and represent a wide range of functional groups, reactivities,
and stabilities found in total organic matter. Hence, the results from this
study will add considerably to our knowledge of the flux of this material to
the sea floor, as well as its transformation reactions.

In order to assess the effects of biological processes on the organic com-
pound fluxes and transformation reactions, phytoplankton dynamics were studied
(Dr. Richard Barﬁer and Ms. Jane Kogelschatz - Duke Marine Laboratory), and
zooplankton and benthic organismé were collected and biomass and species di-
versity determined (Dr. Giibert Rowe - Brookhaven National Laboratory). Dr. John
Hobbie (Marine Biological Laboratory) measured microbial biomass by the acridine-
orange epifluorescence technique and ATP as well as heterotrophic activity by
glucose—C14 uptake experiments.

In addition to the nutrient (nitrate, nitrite, silica, phosphate, and
ammonium), chlorophyll a and phaeopigment, primary productivity (C-14 uptake),

and hydrographic data reported in this memorandum, particulate and dissolved

organic carbon and total phosphorous and nitrogen measurements were made on the
water samples. This data will be reported elsewhere.

The rationale for undertaking these studies in coastal Peruvian waters is
as follows: the transformation of organic matter in seawater is difficult to
trace in most marine environments because of the low concentrations involved,
and the slow rates of intermol’ecular reactions relative to the physical pro-
cesses of transport inio and out of the area of study. An upwelling area pro-
vides an excellent system for overcoming these problems. In these areas organic
compounds are biosynthesized in large quantities, are subjected to both oxidiz-
ing and reducing conditions, and have large-particle fluxes to the sea floor.

Indeed, from floating sediment trap deployments, Staresinic (1978) found the
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flux of particulate organic carbon to be 120-840 mg organic-C/Mz/day (17-21%

of primary productivity) off the coast of Peru relative to 4.2-6.3 mg organic-C/-
Mz/day for the western North Atlantic (Rowe and Gardner, 1979). Thus, rates of
diagenesis are expected to be fast enough to be observed and the differences

in the transformations and interactions under different redox conditions can

be studied.within a compact geographic area.

The main hydrographic station locations (Fig. 1, Table 1) in the Peru up-
welling area occupied on this cruise were chosen because: 1) the area is highly
productive most of the year. 2) A great deal of work has already been done in
the zone and many of the recent results of the National Science Foundation -
Coastal Upwelling Ecosystems Analysis (CUEA) Program are now currently avail-
able for use as important ancillary data. Two CUEA groups took part in the
cruise (Dr. Gilbert Rowe, Brookhaven National Laboratory, and Dr. Richard
Barber, Duke Marine Laboratory). 3) Terrestrial organic matter input is low in
the area. 4) The area is fairly accessible and affords the opportunity for
future work. It is difficult to obtain samples for follow-up studies from
other upwelling areas such as the North Arabian Sea and the southwest African
shelf due to their remoteness.

The purpose of this report is to collate the large amount of hydrographic,
nutrient, and plankton data from various investigators and use it as a
standard for the cruise partiéipants (Table 2). A brief documentation of
methods is also presented. However, the reader is referred to the scientific
papers originating from the cruise for a critical discussion of the data.

IT. METHODS

A. Temperature, Salinity, and Oxygen

Samples for hydrographic analyses were collected using Teflon-lined Narnsen

bottles. Temperatures were recorded with reversing thermometers and corrected
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TABLE 1

Main sampling station locations for R/V KNORR 73-2.

Hydrostation Station Location Depth
Number S W (m)
993 2 15°26.8" 75%53.3" 4269
994 3 15°04.8" 75°25.1" 30
995 4 15°02.9" 75730.2" 90
996 5 15°09.4" 75°30.5" 136
997 6 15°09.9" 75°36.0" 400
998 ‘ 7 15°12.9" 75°38.7" 1025
AR T A T i
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using the W.H.0.I. hydrographic reduction program HYD-1. Density and potential
temperatures were calculated using a program kindly provided by Dr. Peter
Brewer. Salinity samples were taken in soft glass screw bottles and analyzed
on board ship using a Guildline Autosal Salinometer (Model 8400) with a stated
accuracy of * 0.003 ppt. Oxygen samples were run on board ship using a modi-
fied Winkler procedure (Carpenter, 1965).

B. Nutrients

All nutrient analyses were run on board using either the 2-channel Technicon
AutoAnalyzer of the University of New Hampshire (UNH) (silicate and phosphate)
or the W.H.0.I. AutoAnalyzer (nitrate, nitrite and ammonium). The following
methods were used with slight modifications as described by Glibert and Loder
(1977): silicate (TIS, 1973c, phosphate (TIS, 1973a), nitrate (TIS, 1972),
nitrite (nitrate method with the reduction column removed), and ammonium (Adamski,
1976). All refractive index, turbidity and chemical salt corrections were
applied to the data where appropriate (Loder and Glibert, 1977).

The water samples for nutrient analyses were stored in the dark under
refrigeration until analysis in seawater-aged and sample-rinsed polyethylene
bottles. Mercuric chloride (final concentration ~ 100 ppm) was added as a
preservative to the silicate and phosphate sample bottles to inhibit bacterial

activity. Although the addition of HgCl, had no apparent effect on the sili-

Z
cate concentrations, it did cause an increase in the phosphate concentration
of 6-7 percent at high phosphate concentrations (v 2 um/1). This increase of

phosphate occurred within minutes after the addition of the HgC]2 to the

unfiltered samples and was possibly due to the release of phosphate from

the phytoplankton present. Analyses were generally run within 12
— o oy T S s A 8
'-;«:“."".
P ¢
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hours of collection. Unfiltered samples were analyzed since a study on the
cruise indicated that there was no significant difference between filtered and
unfiltered samples at the 95% confidence level. The average standard devia-
tions for replicate samples run at the same time are given in Table 3. Samples
from a single cast were run at the same time and often in duplicate so that
minor changes in concentrations are probably real even though the changes may
be less than the daily or longer-term reproducibility.

A separate set of samples from most of the euphotic and regular station
casts were frozen and shipped to Duke Marine Laboratory for analyses, some
of which were done up to six months after collection (Kogelshatz et al., 1979).
The samples were thawed and analyzed using Technicon AutoAnalyzer procedures
based on the manual methods of Murphy and Riley (1962) for reactive phosphate,
and the methods of Armstrong et al. (1967) for dissolved silicate, nitrate and
nitrite. Ammonium was measured by the phenol-hypochlorite method of Koroleff
(1970). These automated methods have been described by Friedrich and Whitledge
(1972).

The regression equations and graphs comparing this data to the W.H.O.I.
and U.N.H. data are given in Figure 2. The nitrate and nitrite data sets agreed
reasonably well as indicated by the regression data. The Duke silicate values
were slightly higher than the UNH values with increased scatter for the samples
with concentrations above v 23 um/1. It is not clear if these differences are
due to handling and storage effects or the use of different methods and
standards. The UNH phosphate values were slightly higher than the Duke values,
particularly at the higher phosphate concentrations. Although this difference
is partly due to the addition of chlz. as mentioned above, storage effects,

different methods and standards may also have contributed to these differences.

P
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TABLE 3

analyzed at the same time.

Average standard deviations for replicate nutrient samples

Nutrient Range of Sample Standard Deviation
Concentrations (+ umoles/liter)
(umole/liter)
Phosphate 0-3.5 0.02
Silicate 0-35 0.03
0-150 0.3
Nitrate 0-10 0.15
0-30 0.26
' Nitrite 0-4 0.02
0-10 0.03
Ammonium 0-2 0.01
0-8 0.05

-
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C. Chlorophyll a and Phaeopigments

Chlorophyll a and phaeopigments were determined by the fluorometric
technique (Yentsch and Menzel, 1963; Holm-Hansen et al., 1965) using a Turner
Designs Model 10-005 R fluorometer that was calibrated repeatedly throughout
the cruise. The fluorometer was calibrated with a known quantity of chlorophyll
a determined spectrophotometrically using the SCOR/UNESCO extinction technique
and equations (SCOR/UNESCO, 1966). Serial dilutions of the acetone extract of
chlorophyll a were used to calculate the fluorometer calibration factor (K)
with Equation 1.

K = Chl a (ug/ml) (1)

(Fo_Fa)
S

Fo and Fa are the fluorometer reading before (Fo) and after (Fa) acidifying
the extract with two drops of 5%Z HCl. S is a value obtained by multiplying the
two scale settings at which the F0 and Fa were read.

Once the calibration factor (K) is established, chlorophyll a and phaeo-
pigment concentrations are calculated using the Equations 2 and 3 derived from

Lorenzen (1966).

K(Fo_Fa)ve
chl a (ug/1) = —> (2)
f
K (2 . Fa_Fo)ve
Phaeo (ug/l) = S €3
Vv
f
TN -
g —'-V“‘ - —— M
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In these equations the units of K are ug/ml, ¥ is the extract volume
(ml), Vf is the filtration volume (1) and was normally 0.025 1. The value
2.1 is the ratio of FO:Fa observed for chlorophyll a in the absence of phaeo-
pigments and was established experimentally for each fluorometer. In Equa-
tions 2 and 3 the pigment units are in ug/l (equivalent to mg/m3).

I1I. PRESENTATION FORMAT

Tabular and graphic presentation of the data have been organized on a
station-by-station basis (Fig. 1) and by cast type within each station.

Niskin data are presented first, followed by an ordered sequence of paired
morning (AM) and evening (PM) euphotic zone data, and finally by Bodman (large
volume water sample) data. Exceptions to this basic format are Station 3, for
which no Niskin data were collected, and euphotic casts 993-35 and 998-188 which
lack a corresponding PM or AM cast respectively.

In several cases individual Niskin casts were compiled to form a complete
water column profile. For example: Station 7 Niskin cast is comprised of four
independent casts, Nos. 144, 166, 177, and 179 which together describe the
water column from the surface to 1000 meters. For combined cases for which
the individual casts are separated in time (> 24 hr), shaded symbols have been
used to distinguish one sampling event from another. Nutrient and hydrographic
data from euphotic casts 995-52, 997-107, and 998-144 are identical to that
recorded for corresponding Niskin depths at the same station because the same
casts were used for both sets of data.

Parametric units and graphic labelling notation used throughout this report
are summarized in Table 4. Figure numbers have been keyed to both station
number and cast type. For example: Figure 47-4E identifies this figure as a

plot of euphotic data from Station 4, the forty-seventh figure in the report.

Bl
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B and N denote Bodman and Niskin casts.
values have been inserted where W.H.O.I.

indicated.

Those figures for which Duke nitrate

analyses were not available are so

r—
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FIGURES OF DISSOLVED OXYGEN, POTENTIAL TEMPERATURE, SALINITY, SILICATE, NITRATE,

PHOSPHATE, PRODUCTIVITY INDEX, CHLOROPHYLL A, AND 24 HOUR - C -

FIXATION FOR NISKIN, EUPHOTIC ZONE, AND BODMAN CASTS

FOR STATIONS 2-7 (TABLE 1).




o

S V]

1
PRE et
i
*Ql/Lz/C woa3y sToquiAs papeys
‘Q//1/€ WO} elep 23IBDTPUT STOGWAS uadQp "7 uorieig ‘eijep UISIN
Nz-% 3814 NZ-¢ 814
20 11 4
¥ 1 eo9¢ r 909¢ -
! a Y
i eesz 3 r eesz 3
I 1 ﬁ.i
o -4 w - u e ..
eevz eevz ¥
. 1000z N | eeez N W
I : et |
809l ee9l w |
L 1 |
[ 10021 d I eez! d )
3 3 r
I 1 ees ¢ i ees 3
3
[ 1 eev I es |
'y . . m——— - . 4 M
¥ S'€ € S'2 2 S} 1 S'® g ° 2°s¢ Sg 8 ve 9 b€ pye O .
C1/W) 31VHASOHd c1ddy ALINITVS
Sb O S¢ ©E S2 82 SI @l S © ¥2 12 81 sI 2 6 9 € e
CT/WN) JLVALIN (23> INLYAILWIL TVIIN3LOD
@S| ©vlI 921 ©8l @8 ©3 Oy @82 ) 8 L 9 S v E 2 ] 0

2ive : @ov| 8L/V/E 8L/L2/2
CNIMSINY 2# ‘EE€°S-€66 :CEL) YYONM

/7% N39AX0 d3AT0SSIA

Qi1ve : eovl 8L/1/€ 8L/L2/2
CNINSIND 2% ‘€E£°S-£66 :(ELD AYAONM

.-




VOAM-AMIX ZH I-ADMO

OOM-MIX ZH I-<STVMO

KNORR (73)>: 993-4; #2 (EUPHOTIC)
2/27/78 100S

DISSOLVED OXYGEN (ml/L)
) 1 2 3 4 S 6 7 8

r T T T ™ T Iy v 1

POTENTIAL TEMPERATURE (C)

14 1S 16 17 18 19 20 21 22

SALINITY <(ppTd
34.9 35 35.1

2s
30
3s |
4 |

45 |

Se

Fig. 5-2E

KNORR (73): 993-8; $2 C(EUPHOTICO
2/27/78 2107

SEmscsmanas=c=====

DISSOLVED OXYGEN: NO DATA
) 1 2 3 4 S 6 7 8

r T T T T T T

POTENTIAL TEMPERATURE <C>

-15-

14 1S 16 17 18 19 20 21 22

T T 1

SALINITY (ppT)

34.9 35 35.1

10

1S

20

25 |

30 |

3s

40 |

45 |

50

Fig. 7-2E

AM/PM euphotic data, Station 2:
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Fig. 19-2E
AM euphotic data, Station 2: 3/1/78.
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AM/PM euphotic data, Station 2: 3/13/78. i
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Fig. 40-4E

AM/PM euphotic data, Station 4:
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Fig. 45-4E
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Fig. 47-4E

AM/PM euphotic data, Station 4: 3/4/78.
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Fig. 54-5E Fig. £5-5E
KNORR (€73-2): 996-99, #5 CEUPHOTIC) KNORR €73-2): 996-99, #5 CEUPHOTIC)
3/5/78 1751 8/5/78 1751
DISSOLVED OXYGEN: NO DATA SILICA CuM/L)
@ t 2 3 4 S 6 _ 1 8 @ 5 18 15 28 25 38 35 48
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Fig. 56-5E Fig. 57-5E
Am/PM euphotic data, Station 5: 3/5/78. i
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Fig. 62-5E Fig. 63-5E

AM/PM euphotic data, Station 5: 3/6/78.
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KNORR €73): 997-187; #6 CEUPHOTIC)
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DISSOLVED OXYGEN CmL/L)
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POTENTIAL TEMPERATURE (C)
14 1S 16 17 18 19 20 21 22
SALINITY CppT)
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1 1
[ 1
i
Fig. 70-6E
KNORR <73): 997-126; $6 CEUPHOTIC)
3/7/78 1814
DISSOLVED OXYGEN: NO DATA
e 4 @& 3 4. & & 7 ®
POTENTIAL TEMPERATURE (C)
14 15 16 17 18 19 20 21 22
SALINITY CppT)
34.8 34.9 35.1 35.2

35

Fig. 72-6E

AM/PM euphotic data, Station 6:
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Fig. 71-6E
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Fig. 73-6E
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Fig. 76-6E
KNORR (73): 997-141; #6 CEUPHOTIC)
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DISSOLVED OXYGEN: NO DATA
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POTENTIAL TEMPERATURE <C)
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SAL
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Fig. 78-6E

AM/PM euphotic
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data, Station 6:
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Fig. 77-6E
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Fig. 79-6E
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KNORR (73): 998-144; #7 (EUPHOTIC) KNORR .(73): 998-144; #7 (EUPHOTIC)
3/9/78 @815 3/9/78 81§
DISSOLVED OXYGEN C(mL/L) SILICA CuM/L)
"] | 2 3 4 S 6 7 8 ] S 10 1S 20 25 30 35 40
POTENTIAL TEMPERATURE (C) NITRATE CuM/L)
14 1S 16 17 18 19 20 21 22 2 s 10 1S 20 25 30 35 40
SALINITY C(ppTd PHOSPHATE C(uM/L)
e 34.8 34.9 35 35.1 35.2 1 1.8 2 2.8 3 3.5 4
S 9 4 4
D '8 . D 4
E E P04
P 15 4 P
T T
H 20 | SAL ] " ]
X I
N 25 J N d
M M
g 30 | | E
T T
E 35 E 35 | J
R R
S 4 | ] S 40 | ]
45 d 45 3 4
Y] 50
Fig. 86-7E Fig. 87-7E
KNORR (73): 998-187; #7 CEUPHOTIC) KNORR (73): 998-167; #7 (EUPHOTIC)
3/9/78 1735 3/9/78. 1735
DISSOLVED OXYGEN: NO DATA SILICA CuM/L>
"} | 2 3 4 S 6 7 8 e S 10 1S 20 25 30 35 40
POTENTIAL TEMPERATURE (C) DUKE NITRATE CuM/L>
14 15 16 17 18 18 28 21 22 2 5 18 1S 20 25 38 35 4@
SALINITY <ppT) PHOSPHATE CuM/L)>
@ 34.8 34.9 35 35.1 35.2 e @ 8.5 1 1.6 2 2.5 3 3.5 4
STk TEMP . s J
p 10 |} ! p '@ 4
E SAL &
P |5 r p P 1S o
T T
H 20 | p s 20 4
I I
N 25 | 4 N 25 g
M M
c % | ] g 30 ]
¥ T
E 35 | 4 E 35 |} 4
7 R
S 4 T . S 4 | !
45 | 4 45 | 4
50 S0
Fig. 88-7E Fig. 89-7E

AM/PM euphotic

data, Station 7: 3/9/78.
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KNORR €73): 998-175; #7 CEUPHOTIC)
3/1e/78 @830
DISSOLVED OXYGEN CmL/L)
@ § 2 8 4 S5 & 1 8
POTENTIAL TEMPERATURE €C)
14 15 16 17 18 19 20 21 22
SALTINITY C(ppT)
34.8 349 35 35.1 35.2
OXY
1 D
E
- ] P
%
| TEMP H
I
| SAL ! N
o
. M
L o ] E
T
] €
R
1 ] s
L J
Fig. 92-7E
KNOR (737 098-150; #7 CEUPHOTIC)
3/10/78 170
DISSOLVED OXYGEN: NO DATA
¢ 1 2 38 4 S5 6 7 B
POTENTIAL TEMPERATURE (C)
14 'S 16 17 18 (9 20 21 22
SALINITY CppT)
34.¢ 34.9 35 35.1 35.2
2 .
i 1 D
€
l P
[ T
SAL ! H
I
- TEMP 1 N
M
1 E
:
r 1 R
S
- r
! !
Fig. 94 -7E

AM/PM euphotic data, Station 7:
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KNORR (73>: 998-17S; #7 CEUPHOTIC)

3/10/78 @830
SILICA C(uM/L)
e S 16 IS 20 25 30 35 40
DUKE NITRATE CuM/L)>
@ 5 18 15 28 25 38 35 40
PHOSPHATE (uM/L)
) 8.5 1 1.5 2 2.5 3 3.5 4
L.
b :
;
Fig. 93-7F
KNORR (73): 998-180; $7 C(EUPHOTIC)
3/10/78 1700
SILICA CuM/L)
) 5 10 IS 20 25 3@ 35 40
DUKE NITRATE CuM/L>
Q S 10 1S 20 25 3@ 35 40
PHOSPHATE (uM/L)>
"] 0.5 1 1.8 2 2.5 3 3.5 4
L ;
L
: J
Si
- NO3 »
: PO4 1
1
3 4
[
Fig. 95-7E
3/10/78.
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KNORR (73-2): 998-188, #7 C(EUPHOTIC)
3/11/78 1700

PRODUCTIVITY INDEX C(uGC/uGCHL/DAY)
e 10 20 38 490 SO0 60 70 80 /

CHLOROPHYLL-a C(uG/L)
") S 18 1S 20 25 38 35 40

e ) o

v v ol

24HR C-FIXATION CuG/L/DAY)
0 200 400 600 880

CHL
1@

1S
20
25
30 |

35 | 4

WOAM-MIX ZH I-STVTMO

40

45 |

S0

Fig. 100-7E

PM euphotic data, Station 7: 3/11/78.
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KNORR (73-2): 998-189, #7 (EUPHOTIC)
3/t2/78 ©834

DISSOLVED OXYGEN (ml/LD
e 1 2 3 4 S 6 s 8

POTENTIALt:kﬁEERATURE >
14 1s 16 17 18 18 28 21 22
SALINITY CppT)
34.8 34.9 35 35.1 35.2
TEMP .
L 1 D
E
| P
oxy 1
H
A ;
J N
M
I E
7
L E
R
s
Fig. 101-7E
KNORR (73): 998-194; %7 (EUPHOTIC)
3/12/78 1652
DISSOLVED OXYGEN: NO DATA
2 1 2 3 4 5 6 7 8
POTENTTAL TEMPERATURE (CD
4 ts 8 t7. 18 189 28 21 22
SALINITY CppTD
34.8 34.9 35 35.1 35.2
1 D
E
SAL ] P
T
| TEMP ] H
I
N
M
2 9 E
T
L E
R
S
s 4
Fig. 103-7E

AM/PM euphotic data, Station 7:
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KNORR (73-2): 998-189, #7 CEUPHOTIC)

3/12/78 0834
SILICA C(uM/L)
") S 10 1S 20 25 38 35 40
DUKE NITRATE CuM/L)
e s 18 15 20 25 38 35 48
PHOSPHATE CuM/L)
) 8.5 1 1.5 2 2.5 3 3.5 4
PO4 1
{ si
NO3
H 1
4
L 1
<4
Fig. 102-7E
KNORR (73): 998-194; #7 (EUPHOTIC)
3/12/78 1652
SILICA C(uM/L)
] S 10 1S 20 25 30 3S 40
DUKE NITRATE C(uM/L)
° 5 18 15 20 25 3@ 35 49
PHOSPHATE (uM/L)>
%} 8.5 1 1.5 2 2.5 3 3.5 4
p
L Si 4
PO4
NO3
- E
b
Fig. 104-7E
3/12/78. -
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TEMPERATURE DEPTH, SALINITY, DENSITY, DISSOLVED OXYGEN, NITRATE, NITRITE

AMMONIUM, PHOSPHATE, AND SILICATE DATA FOR NISKIN, EUPHOTIC

ZONE AND BODMAN CASTS FOR STATIONS 2-7

(TABLE 1).
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